1 --^A. The rotary pump of claim fl, further comprising a fastening nut 

2 threaded onto said bolt head of the rotor fastening bolt against the outer end of 

3 said hollow rotor drive shaft.— 

If & 

1 --fe. The rotary pump of claim 2fl, further comprising a fastening nut 

2 threaded onto said bolt head of the rotor fastening bolt against the outer end of 

3 said hollow rotor drive shaft.— 



REMARKS 

Claims 21-35 are in the application. The claims were changed to 
provide a stylistic improvement to the originally filed claims. Claims 28-35 are 
merely stylistically improved versions of original claims 8-15 which were deemed 
to be allowable. Claims 23-26 are stylistically improved versions of claims 
3-6 which were allowable if rewritten in independent form. 

Claims 16-20 are withdrawn from consideration and are retained 
merely for a possible divisional. 

Enclosed herewith is a substitute disclosure including all the stylistic 
changes that were necessary to the original disclosure. Also enclosed is a redlined 
copy showing the changes that were made in the original disclosure. No new 
matter was added. 

Whatever the primary references Morita or Barton disclose, the 
combination of either of them with Wedler is respectfully submitted to fail to make 
the claims obvious. 

The present invention relates to a rotary pump having a cylindrical 





transmission couplingifs^ng. 2) having an operating space therein for the bolt 
head of the rotor fastening bolt. The cylindrical transmission coupling is coupled 
with the extended drive shaft portion for rotation therewith. These features cannot 
be seen or even remotely perceived from Wedler (U.S. patent No. 3,962,933). 

That reference merely discloses a multistage speed reduction gear 5 
which is different in its operation from the transmission coupling of claim 1 . 
In Wedler the power and the torque from the motor 1 is transmitted to the hollow 
shaft 21 and shaft 16 inside the gear casing 18 and are further transmitted through 
the gears 22, 23 to the output shaft 24 finally to the drive generator and/or other 
auxiliary equipment (column 3, Is. 39-40) and through the gear 19 to the propellor 
shaft ( column 5, line 50). Thus the coupling of Wedler is a speed reduction gear 
which differs substantially from the transmission coupling of claim 20. 

Enclosed herewith are Figs. 10 and 1 1 with the proposed additional 
legend shown thereon in red. 

In view of the foregoing, reconsideration of the rejection, and the 
allowance of claims 20-35 are respectfully urged. 



Gabriel P. Katona L.L.P. 
708 Third Avenue 
New York 10017 
(212)370-4000 




fjlly submitted 




Gabriel P. Katona, attorney of record 



It is hereby certifiedjthaUhis is being mailed, as addressed above , 
on June 19i 2001 
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ROTARY PUMP 0G73-110P\ [0673-119] 

YDACKGROUND OF THE INVENTIONX [Rotary Pump] 

5 

Field of the Invention 

The present invention relates to a rotary pump suitable for transporting 

liquid foods. 

1 0 \D e sc r i p tion of th e Related Art\ [Background ] 

Mn a r ota r y p ump of t h e t yp e s e t fo r th abov e , th e re c e nt prior a r t has been\ 
[The most recent prior art in connection with rotary pumps is] disclosed in commonly 
owned U. S. Patent No. 5,370,514, \issu e d t o Mo r ita et al.\ [to Morita et ah] 

1 5 \Since the pres e nt inv e ntion has some common structures with th e 

abov e -identifi e d commonly own e d p r io r a r t, th e construc t ion of th e prior art will b e \ [The 
prior art structure is] discussed hereinafter in detail \in o r d er \ to facilitate clear 
understanding [of the improvements] of the present invention. 

20 Figs. 10 and 1 1 show the commonly owned prior \ar t ._ In these drawings, 

th e r ef e renc e numerals 1 A and ID denotes r oto r s. _ From e ach of rotors 1 A and 1D,\ [art. 
In these drawings, rotors tA and IB from] a short rotor shaft 2 is provided from the 
central portion of one end surface \t h er eo f._ \ [thereof.] A threaded bore 3 is coaxially 
formed from the end surface of the rotor shaft \[2.] A pumping segment 4 is integrally 

25 formed on the outer peripheral portion of each rotor 1 A and IB. 

VThe r e fe re nc e num er al 6 d e notes a pump casing. _ Th e \ [A] pump casing 6 
includes a main casing defining a concave pumping chamber 7 loosely accommodating the 
pumping segments 4 or revolution therein and formed with a suction port 8 and a discharge 
3 O port 9, and a casing cover 1 1 detachably attached on \the\ [a] main casing 10 flush with the 
end surface of each rotor 1 A and IB by \means of\ bolts and nuts. 

\The r ef ere nc e num e ral\ [Hollow rotor drive shafts] 12A and 12B \d e not e 
hollow rotor driv e shafts\ [are] provided corresponding to the rotors 1 A and \1D._\ [1B.] 
3 5 The rotor drive shaft [12] is supported by \means of\ a bearing 14 within a gearbox 13 for 
the drive shaft[,] for rotation and [for] restricting movement in an axial \di r ection.__ Th e 
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r e f e rence num e ral 1 5 d e not e s a\ [direction. A] rotor fastening bolt [15 is] inserted through 
a hollow portion of each of the hollow rotor drive shafts 12A and 12B from one end to the 
other \ettd~\[end.] A bolt head 15a of the rotor fastening bolt 15 is engaged with one end 
surface [of the] rotor \d r ive shaft\ [fastening bolt] 15 

A hollow portion 16a at the tip end of each rotor drive shaft 12A and 12B is 
externally engaged with the rotor shaft 2 of each rotor 1 A and \1D _\ [1B«] In conjunction 
therewith, a threaded portion 15b at the tip end of the rotor fastening bolt 15 is threadingly 
engaged with the threaded bore 3 of the rotor shaft 2. 



Mn Fig. 11, th e ref e rence num e ral 17 denotes a gearbox for a transmission 
shaft\ [A gearbox 17 for a transmission shaft is shown in Fig. 11]. A transmission shaft 
21 is rotatably supported Vra\ [in] bearings 18 and 19 within the gearbox 17, and is 
connected to a motor (not \show)._\ [shown).] A gear 22 is mounted on the transmission 
1 5 shaft \21._\ [2L] In the gearbox 13 for [the] drive shaft, gears 23a and 23b [are mounted] 
for transmitting rotation \for d r iving\ [to drive] a pair of rotor drive shafts 12A and 12B in 
mutually opposite \dir c ction\ [directions] in synchronism with each other and a gear 23c 
[is provided] meshing with the gear 22 mounted on the transmission shaft 21 \are 
p rovid e dV \ 

20 \Accordingly, a driving force of the motor to be transmitted to the transmission shaft 21 is 
transmitted to one rotor shaft 12A \vm\ [through] the gears 22 and \23c.__\ [23c] The 
driving force of the rotor drive shah 12A is transmitted to the oiher ioioj drivt, Mian 1 25 
\via\ [through] the gears 23a and 23b. 

25 For assembling the rotary pump constructed as set forth above, the pumping 

segment 4 of each rotor 1 A and IB is received within the pumping chamber 7 of the main 
casing \10 _\ [10.] In conjunction therewith, each rotor shaft 2 is engaged with the hollow 
portion 16a at the tip end of the hollow rotor drive shaft 12 supported within the gearbox 
\13 _\ [13.] Then, the rotor fastening bolt 15 is inserted within the rotor drive shaft 12 from 

3 O one end to threadingly engage the threaded portion 1 5b at the tip end thereof with the 

threaded bore 3 of the rotor shaft \2r^\[2.] Then, the bolt head 15a is rotated by a rotary 
tool, such as spanner or the like for tightening to draw each rotor 1 A and IB toward the 
rotor drive shaft 12 for \fixcdly\ [fixed] fastening. 
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In the rotary pump assembled as set forth above, a rotational torque of the 
not shown motor is transmitted to the transmission shaft \21._\ [21.] Both of the rotor drive 
shafts 12 driven to rotate \vra\ [through] the transmission shaft 21 drive to rotate both 
rotors 1 A and IB in mutually opposite directions in synchronism with respect to each other 

5 as shown by arrows in Fig. \U._\ [1L] Thus, by action of the pumping segments 4 rotated 

within the pumping chambers 7, liquid is sucked into the pumping chamber 7 through the 
suction port 8 and is pressurized and fed to the discharge port 9. In this case, overall inner 
side surface of the casing cover 1 1 is a flat surface \forming\ in flush with the external end 
surface of the rotors 1 A and IB \so as\ not to form [a] recessed portion between the rotors 

1 O 1 A and \1B._\ [1B.] Therefore, [there will be no] retention of the transported liquid 

flowing through the pumping chamber 7 Will n e v e r be caus e dV Accordingly, washing of 
the pumping chamber can be easily performed. 
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On the other hand, upon disassembling the rotors 1 A and IB, \thc\ nuts 20 
are Moosen\ [loosened] to remove the casing cover 11, and thereafter, the rotors 1 A and IB 
are [easily] disassembled \easily\ by simply loosening the rotor fastening bolts 15. 



As \can b e \ [is] clear from the construction, in the prior art, the gearbox 
[17] for the transmission shaft 21 is provided separately from the gearbox 13 of the drive 
20 shaft, and driving force has to be transmitted to the rotor drive shaft 12 \vra\ [through] the 
gear mounted on the transmission shaft 21 on the side of the motor and the gear 23 a housed 
within the gearbox 13 for the drive shaft. 

Conventionally, [there are required] in addition to a pair of rotor drive 
2,5 shafts 12A and 12B for driving the rotor as set forth above, the transmission shaft 21 for 
transmitting the rotational torque of the motor to the rotor drive shafts 12A and 12B, \and 
thtrs\ [a total of] at least three \shaft\ [shafts] in total \arc required. J [«] Therefore, the 
construction is inherently complicate. 

3 O On the other hand, as can be clear from the construction set forth above, in 

the recent prior art, the rotor fastening bolt 15 inserted into the hollow portion of the 
hollow rotor drive shaft 12 is rotated by rotating the bolt head 15 at the rear end \ p ortion\ 
with the rotary tool \in t h e condition where\ [so that] the threaded portion 15b at the tip 
\end\ is threadingly engaged with the rotor 1 A (IB) to draw the rotor 1 A backward by the 
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rotor fastening bolt 15 and to abut the bolt head 15a onto the end surface of the hollow 
rotor drive shaft \12._\ [12.] On the other hand, upon \disass e mbling\ [disassembly], the 
rotors 1 A and IB can be disassembled easily only by loosening the rotor fastening bolt 15 
by rotatingly operating the bolt head \15a._\ [15a.] Also, the mating surfaces of the rotor 

5 1 A(1B) and opposing casing cover 1 1 may be formed \in flush. _\ [flush.] Coupling 

between the rotor 1 A(1B) and the hollow rotor drive shaft 12A(12B) is effected by 
externally engaging the tip end \ p o r tion\ of the drive shaft and by maintaining external 
engagement by drawing force applied by tightening the rotor fastening bolt 1 5 into the 
rotor shaft \12._\ [12»] Therefore, [the force of the] connection \force the re b e tw ee n is 

1 O insufficien t . _\ [between them is insufficient.] Also, centering of the rotor 1 A(1B) and the 
hollow rotor drive shaft 12A(12B) cannot be complete [thereby] to \ p ossibly\ cause 
[possible] center vibration. 

Furthermore, as shown in Figs. 10 and 11, the \conventionally\ 

1 5 [conventional] rotary pump defines the pumping chamber 7 with the main casing 10 and 
the casing cover 1 1 mounted \th e reon _\ [thereon»] A pair of rotors 1 A and IB are housed 
within the pumping chamber \?— \[7.] The end surface la of the casing cover 1 1 of each of 
rotors 1 A and IB are placed in substantially contacting state with a minimum fine gap 
required for permitting rotation of the \roto r \ [rotors] 1 A and \1B . \ [1B.] Both rotors 1 A 

20 and IB are synchronously rotated in mutually opposite directions by mutually engaging the 
pumping segments 4 of the rotors 1 A and IB by the rotor drive shafts 12 as shown by the 
arrows of Fig. VH~ ^j il.] Thus, the liquid is sucked into the pumping ciicanla 7 imCugL 
the suction port 8, and pressurized and fed to the discharge port \9— \[9.] In this case, a gap 
between the end surface la of each rotor 1 A and IB and the inner \ e nd\ surface I la of the 

25 casing cover 1 1 mating thereto \rs\ [are] substantially \contacting s t at e \ [in contact] with 
\minimum\ [a minimal] fine gap for permitting rotation of the rotor 1 A and \lD._Flow\ 
[IB, The] ability [to flow] of the liquid in this fine gap is quite \low._\ [low.] 
Accordingly, even when \the\ washing liquid is circulated within the pumping chamber at 
the end of Work in one day\ [workday], the washing liquid does not flow sufficiently 

3 O between both \cnd\ surfaces 11a and \la._\ [la.] Therefore, [a] sufficient washing effect 
cannot be achieved. 



\SUMMARY OF TIIE INVENTIONX [Summary of the invention l 
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The present invention has been Wo r k e d out\ [developed] in view of the 
problems set forth \above _\ [above.] Therefore, it is the first object of the present 
invention to construct a rotary pump with simple construction by omitting a transmission 
shaft on the side of a motor and \wher e by\ [thereby] to make a cost of the rotary pump as 
5 low as possible, \with\ [while] maintaining \f e atu rc t hat\ [ease of] assembling and 

disassembling Vis facilitat e d. \ [.] 

\Th e s e cond objection\ [Another object] of the present invention is to 
enhance [the] fastening force between the rotary drive shaft and the rotor and assure 
1 O centering therebetween \so as\ not to cause center vibration even \by\ [under] long term 
use. 

\Th e thi r d\ [Yet another] object of the present invention is to achieve 
satisfactory washing effect by flowing sufficient amount of washing liquid through a gap 
1 5 between an end surface of a rotor and an inner end surface of a casing cover opposing 
thereto. 

According to \the\ [a] first aspect of the present invention, \a\ [the] rotary 
pump comprises: 

20 a pair of \ r o t o r s_\ [rotors] having pumping \segm e n t s_\ [segments] mutually 

engaged with each other for synchronous revolution in mutually opposite \ direction\ 
[directions] within a pump casing; 

a pair of \hollowing\ [hollow] rotor drive \shafts_\ [shafts] supported in 
\g e arbox c s_\ [gearboxes] adjacent the pump \casing\ [casing] for \integrally rotat e \ 

25 [integral rotation] with \a\ [said] pair of \thc\ rotors; and 

a pair of rotor fastening \bolts^\[bolts] inserted into hollow 
\po r tions_\ [portions] of respective hollow rotor drive \sha ft s_\ [shafts] to \fix\ [attach] the 
pair of \roto r s_\ [rotors] and the pair of hollow rotor drive \shafts_\ [shafts] on the outer end 
surfaces of the rotor drive \shaft_\ [shaft] under tension^.] 
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Respective [ones] of the hollow rotor drive \shafts_\ [shafts] being 
synchronously rotated in mutually opposite direction with meshing with synchronous 
driving gears provided in respective gearboxes, \ 
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Among both of t he hollow r oto r d r ive sha ft s,\ one of the hollow rotor drive shaft extends 
outwardly from the gearbox to form an extended drive shaft portion, a cylindrical frame 
\form\ [shaped] transmission \coupling_\ [coupling] having an \op e ration 
s p ac e ^M operating space] for operating the rotor fastening \boh-\[bolt] being coupled with 
the extended drive shaft \portion_\ [portion] for integral rotation. 



1 0 According to \thc\ [a] second aspect of the present invention \a\ [the] rotary 

pump comprises; 

a pair of \roto r s_\ [rotors] having pumping \s e gmen t s_\ [segments] mutually 
engaged with each other for synchronous revolution in mutually opposite direction within a 
pump casing; 

15 a pair of \hollowing\ [hollow] rotor drive \shafts_\ [shafts] supported in 

\g c arboxcs_\ [gearboxes] adjacent the pump \casing_\ [casing] for Vint e grally rotate\ 

[integral rotation] with a pair of the rotors; and 

a pair of rotor fastening \bolts_\ [bolts] inserted into hollow 

\po rt ions_\ [portions] of respective hollow rotor drive \shafts_\ [shafts] to fix the pair of 
20 \roto r s\ [rotors] and the pair of hollow rotor drive \shafts_\ [shafts] on the outer end 

surfaces of the rotor drive \shaft__\ [shaft] under tension, \ 

\respective [oues] of the hoiiow rotor drive \;sir; t f^™4 ;::, - ;iv -i buiiL, synchronous 1 ^a'^d in 
mutually opposite direction \with\ [and] meshing with synchronous driving \gears_\ [gears] 
provided in respective gearboxes, \ 

25 \the \ r o t o r s \ [rotors] and the hollow rotor drive \sha ft s \ [shafts] being connected by 
\spline couplings_\ [spIined couplings] for integral rotation, \ 
\the rotor fastening \bolts_\ [bo!ts] being inserted through the hollow rotor drive 
\shafts_\ [shafts] through the \ro t o r s _ \ [rotors] from the side of the casing cover, and \ 
\a \flang e _\ [flange] provided on a end portion of the rotor fastening \btrtt^\[boIt] being 

3 O engaged within a recessed \po r tion_\ [portion] on the end surface of the \roto r _\ [rotor] on 
the side of the casing cover. 

According to \thc\ [a] third aspect of the present invention, \a^\[the] rotary 
pump comprises: 
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a pair of \ r o t o r s_\ [rotors) having pumping \s c gm e nts_\ [segments] mutually 
engaged with each other for synchronous revolution in mutually opposite direction within a 
pump casing; 

a pair of \hollowing\ [hollow] rotor drive \shafts_\ [shafts] supported in 
5 \g e a r box e s_\ [gearboxes] adjacent the pump \casing_\ [casing] for \int e g r ally r ota te \ 

[integral rotation] with a pair of the rotors; and 

a pair of rotor fastening \bolts^\[bolts] inserted into hollow 
\po rt ions_\ [portions] of respective hollow rotor drive \shafts ^ [shafts] to fix the pair of 
\roto r s_\ [rotors] and the pair of hollow rotor drive \sha ft s_\ [shafts] on the outer end 
1 O surfaces of the rotor drive \shaft_\ [shaft] under tension, \ 

\respective of the hollow rotor drive \shafts_\ [shafts] being synchronously rotated in 
mutually opposite direction \with\ [and] meshing with synchronous driving \g e ars \ [gears] 
provided in \respectiv e \ jrespec 

15 

tive] gearboxes, \ 

\the \ r oto r _\ [rotor] and the hollow rotor drive \shaft_\ [shaft] being connected by \s p line 
coupling_\ [splined coupling] for integral rotation, \ 
20 \the rotor fastening \bolts_\ [bolts] being integrally formed with the rotors, and \ 

\the rotor fastening \bolts_\ [bolts] being inserted into the hollow rotor driven shafts. 

According to \thc\ [a] fourth aspect of the present invention, \a\ [the] rotary 
pump comprises: 
25 VAa main casing; 

VAa casing cover \coop er a tc d\ [cooperating] with the main \casing_\ [casing] for defining a 
pumping 

\chambe r _\ [chamber] therebetween; 

\ 

3 O 3 a P a ^ r of \roto r s_ re ceiv e d within\ [rotors in] the pumping \chamb er _\ [chamber] with 
mutually meshing pumping \segments_\ [segments] for synchronous revolution in mutually 
opposite directions; 

\_ a s p ac e _ being defined\ [a space] in one portion of the casing cover; 
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VAa cover \ p is t on_ bcing\ [piston] disposed within the space for movement back and forth 

with respect to an end surface of the rotor; 
V^an air \cylind er \ [cylinder] being mounted on the casing cover and having a piston rod, 

to which the cover piston is connected. 

5 

According to \thc\ [a] fifth aspect of the present invention, \a\ [the] rotary 
pump comprises: 
V^\a main casing; 

VAa casing cover \coop c rat e d\ [cooperating] with the main \casing_\ [casing] for defining a 
1 0 pumping 

\chamb e r_\ [chamber] therebetween; 

\ 

^\a pair of \ r oto r s_ re c e iv e d wi t hin\ [rotors in] the pumping \chamber_\ [chamber] with 
mutually meshing pumping \segments_\ [segments] for synchronous revolution in mutually 
1 5 opposite directions; 

VAa \s p ac e _\ [space] being defined in one portion of the casing cover; \ 

^\a cover \piston_\ [piston] being disposed within the space for movement back and forth 

with respect to an end surface of the rotor; \ 

^\a lock \cylind e r_\ [cylinder] having a lock \bolt^\[bolt] being mounted on the casing 
20 cover for restricting movement of the cover \piston_\ [piston] by means of the lock bolt. 

According 10 [&] fifth aspect of the pre^-ni i/ivuuioh, [i^t] roici'y 
pump comprises: 
V^\a main casing; 

2,5 V^\a casing cover \coope r atcd\ [cooperating] with the main \casing _ \ [casing] for defining a 
pumping 

\chamb e r_\ [chamber] therebetween; 

\ 

^a pair of \rotors_ r e c e iv e d within\ [rotors in] the pumping \chamb e r_\ [chamber] with 
3 O mutually meshing pumping \segm e n t s_\ [segments] for synchronous revolution in mutually 
opposite directions; 

\_ a space_ being d e fin e d\ [a space] in one portion of the casing cover; \ 

^\a cover \piston_ b e ing dispos e d withiiA [piston in] the space for movement back and 

forth with respect to an end surface of the rotor; \ 
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^\an air \cylinder_ b c ing\ [cylinder] mounted on the casing cover and having a piston rod; 
\ 

^a lock \cylind cr _\ [cylinder] having a lock \boh^\[bolt] being mounted on the air 
cylinder; \ 

^\the cover piston being connected to a piston rod projected from one end surface of the 
\piston_\ [piston] of the air cylinder; \ 

^\a piston rod projecting from the other end surface of the \piston\ [piston] of the air 
\cylinde r _ b e ing\ [cylinder] abutted to the lock bolt for restricting movement of the cover 
\pis t on_\ [piston] by means of the lock bolt. 



According to \thc\ [a] sixth aspect of the present invention, \a\ [the] rotary 
pump comprises: 
VAa main casing; 

\-\a casing cover \coop er at e d\ [cooperating] with the main \casing_ for\ [casing and] 
1 5 defining a pumping \chambe r _\ [chamber] therebetween; 

\ 

^\a pair of \roto r s_\ [rotors] received within the pumping \chamber_\ [chamber] with 
mutually meshing pumping \s e gments_\ [segments] for synchronous revolution 

in mutually opposite directions; 
20 \_ a space_ b e ing d e fined\ [a space] in one portion of the casing cover; 

Vfsa cover \piston_ being dis p osed within\ [piston in] the space for movement back and 
forth with respect to an end surface of the rotor; 

VAa plurality of air \cylinders_ b e ing\ [cylinders] mounted on the casing cover \hra 
condi t ion wh ere \ [wherein] piston \rods_\ [rods] thereof are connected with each other, and 
25 the cover piston is connected to a piston rodV; 

\ and having a piston rod, to which the cover piston is connected. 

According to \thc\ [a] seventh aspect of the present invention, \a\ [the] 
rotary pump comprises: 
3 O \-\a main casing; 

V^a casing cover \cooperated\ [cooperating] with the main \casing_ for\ [casing and] 

defining a pumping \chamber_\ [chamber] therebetween; 

\ 
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pair of \rotors_ rc cciv c d\ [rotors] within the pumping \chambcr_\ [chamber] with 
mutually meshing pumping \s e gm e nts_\ [segments] for synchronous revolution in mutually 
opposite directions; 

\__ a s p acc_ being dcfincd\ [a space] in one portion of the casing cover; 
5 V^a cover \pis t on_ b e ing dis p os e d within\ [piston in] the space for movement back and 

forth with respect [ 

]to an end surface of the rotor; 
V^a plurality of air \cylind e rs_ b e ing\ [cylinders] mounted on the casing cover \in a 
condition wh e r e \ [wherein] piston \rods^\[rods] thereof are connected with each other, and 
1 O the cover piston is connected to a piston rodV 

\ and having* a piston rod, to which the cover piston is connected; 

V^a lock bolt \b e ing\ coaxially provided on the air cylinder at the rearmost position, and the 
cover piston being connected to the piston \rotH[rod] of the air \cylind e r_ at the most 
\[cylinder at its] front [most] side; 
1 5 VAa \ p iston_\ [piston] or a piston rod of the air cylinder at the rearmost position being in 
contact with the lock bolt for restricting movement of the cover piston by the lock 

bolt. 

\ BRIEF DESCRIPTION OF TIIE DRAWING S\ [Brief description of the drawings ! 

20 The present invention will be understood more fully from the detailed 

description given hereinafter with reference to the accompanying \drawings of t h e 
preferred\ [drawing of a suitable] embodiment of the pr e^ciu invention, which, however, 
should not be taken to be limitative to the present invention, but \are\ [is] for explanation 
and understanding only. 

25 

In the drawings: 

Fig. 1 is a \partially sec t ion e d\ front elevation [in partial cross-section] of one 
embodiment of a rotary pump according to the present invention; 

Fig. 2 is a perspective view of the major part of the first embodiment of the rotary 

3 O pump; 

Fig. 3 is a \longitudinally sectioned front e l e va t ion\ [front view in longitudinal 
cross-section] of another major part of the first embodiment of the rotary pump; 

Fig. 4 is a Mongitudinally sectioned front elevation\ [front view in longitudinal 
section] of another embodiment of the portion shown in Fig. 3; 

to 



Fig. 5 is a \ p a r tially section e d front e l e vation\ [front view in partial cross-section] 
of another embodiment of the rotor according to the present invention; 

Fig. 6 is a \pa r tially section e d f r ont e l e va t ion of slightly\ [front view in partial 
cross-section of slight] modification of the embodiment shown in Fig. 5; 
5 Fig. 7 is a Mongi t udinally s e ction e d f r ont el e va t ion\ [front view in cross-section] 

showing operating condition of the major part of the embodiment shown in Fig. 5; 

Fig. 8 is a Mongi t udinally s e ction e d front el e vation showing \ [front view in 
longitudinal cross-section showing the] operating condition of the major part of the 
embodiment shown in Fig. 6; 
1 O Fig. 9 is a Mongitudinally s e ction e d front el e vation showing \ [front view in 

longitudinal cross-section showing the] operating condition of the major part of another 
embodiment shown in Fig. 6; 

Fig. 10 Ms a p a rt ially sectioned front elevation\ [(prior art) is a front view in 
partial cross-section] of the conventional rotary pump; and 
1 5 Fig. 1 1 Ms a sid e e l e va t ion of an internal m e chanism. \ [(prior art) is a side 

elevational view of a conventional internal pump mechanism.] 

DETAILED DESCRIPTION OF Tim PREFERRED EMBODIMENT 

The pr esent inv e ntion will be discussed h ere inafte r in d e tail in terms of th e pr eferred 

20 embodiment of the p re sen t inv e ntion with r ef er enc e to t h e accompanying 
drawings. \ (Detailed description ] 

in the following description, numerous specific devaiis ue set lb; ui \*w 
orde r \ to provide a thorough understanding of the present \inv e ntion _\ [invention.] It will 
be \obvious\ [clear], however, to those skilled in the art that the present invention \may\ 

25 [can] be practiced without [many of] these specific \details _\ [details.] In other \instance\ 
[instances], well-known \s t ructur e \ [structural components] are not shown in detail \m 
order to avoid unnecessary obscu r i t y of t h e pr es e nt inv e n t ionA [to avoid unnecessarily 
complicating the description.] 

3 O Fig. 1 shows one embodiment of a rotary pump according to the present 

\inv e ntion._ A\ [invention. The] construction of the rotary pump is basically \the sam e as\ 
[very similar to] the prior art shown in Figs. 10 and \1 1_\ [1L] Namely, a pump casing 
30 is constructed with a main casing 43 which define a concave pumping chamber 42 one 
the side of one \cnd\ surface for housing a pair of rotors 3 1 A and 3 IB \(which will b c \ [(the 
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rotors generally] identified by the reference numeral 3 1 \as g e nerally r e ferred t o) and\ [) 
which] loosely engage with pumping segments 32 Which a r c\ integrally formed with the 
rotors 3 1 A and 3 IB for rotation \th e r e in, and\ [therewith; the casing 30] also defines a 
suction port 50 and a discharge port 51 \communicat e d\ [communicating] with the 
5 pumping chamber 42, and a casing cover 44 detachably mounted on the main casing 43 by 

bolts 52 \m\ flush with the end surface of \a\ [the] pair of rotors 3 1 . 

[This embodiment] is similar to the prior art in that a pair of rotors 3 1 
are mounted on hollow rotary drive shafts 34A and 34B (which Will b e identifi e d by \ [are 

1 O referred to generally by the] reference numeral 34 \as gene r ally re f erre d to)\ [)] by 

tightening [a] rotor fastening bolt 36 into hollow portions 35 of the rotary drive shafts 34. 
However, [the] particular mounting structure is \diffe re ntiated\ [different] from the prior 
\ar t _\ [art] As shown in Fig. 3, in accordance with the present invention, a through 
opening 53 formed with an internal [outer] peripheral surface 46 with [a] spline groove 

1 5 and a recessed portion 48 \communicated\ [communicating] with the through opening 53, 
having greater diameter that the through opening 53 and [an] opening on the side of the 
casing cover 44 are [respectively] formed in the rotors 3 1 \, re s p ectiv e ly._\ [.] Tip ends of a 
pair of hollow rotor drive shafts are formed as \s p line\ [splined] shafts 45 engaging Wrth\ 
the spline of the inner periphery 46 of the through opening 53 so that the rotors 3 1 and the 

20 hollow rotary drive shafts 34 are integrated for rotation in accurately and coaxially aligned 
\condition\ [manner] by engaging the \ $pline\ [splined] shafts 45 with the through 
openings 53. 

\Then, t he\ [The] rotor fastening bolt 36 [is] integrally formed with [a] 
25 flange portion 47 which engages with the recessed portion 48 formed in the rotor 3 1\^[. 

The bolt] is inserted from the side of the casing cover \44._\ [44.] The rotor fastening bolt 
36 is then inserted into the hollow portion 35 of the hollow rotor drive shaft 34 to extend a 
tip end thereof from an outer end surface of the hollow rotor drive shaft \to be ex p osed 
th e r e f r om. _\ [and to range outwardly therefrom.] A fastening nut 49 is engaged with the 
3 O \ e xpos e d\ [outward ranging] tip \ e nd\ of the rotor fastening bolt \36._\ [36.] By tightening 
the fastening nut 49 onto the rotor fastening bolt 36, the rotor 3 1 is drawn toward the 
hollow rotor drive shaft 34 to be fixed in a condition firmly abutting \onto\ [against] an 
inner end surface at a tip \ e nd\ of the hollow rotor drive shaft \34 _\ [34.] It should be noted 
that in the condition where \the\ [a] flange 47 [is] received within \thc\ [a] recessed portion 
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48, the flange 47 and the rotor 3 1 form a flush surface mating with the casing cover 
\44._\ [44.] The fastening nut 49 \may\ [can] be replaced with a washer to engage the 
washer with the rotor fastening bolt 36 and a lock nut 57 is employed as the fastening nut 
so that the fastening nut 57 is engaged and tightened with the rotor fastening bolt 36 Vra\ 
5 [through] the washer to achieve \the\ [a] similar effect \, as a matt e r of cou r se._\ [.] In the 

alternative, a sealing member 72 such as an O ring is disposed between the flange portion 
47 and the recessed portion 48 , and in conjunction therewith, the flange 47 and the rotor 
3 1 form the flash surface to be mated with casing cover 44 in the condition where the 
flange 47 is engaged with the recessed portion 48, as shown in Fig. \3._ In th e d r awings, 
1 O the r e fe r ence num e rals 73 and 74 denot e mechanical s e als fo r maintaining \ [3. 

Mechanical seals 73 and 74 are provided for maintaining a liquid tight state] between 
the pump chamber 42 and the outside \in liquid tight s t at e Y 

On the other hand, in the embodiment shown in Fig. 3, the rotor fastening 
1 5 bolt 36 is provided with the \for e going\ flange portion 47 on the tip \end\ portion thereof to 
engage with the recessed portion 48 \ pr ovided\ in the rotor \31 _\ [3L] However, it is also 
possible to form the rotor fastening bolt 36 integrally with the rotor 3 1 to extend axially as 
shown in Fig. \4— \[4.] With the embodiment shown in Fig. 4, since number of the parts 
can be reduced in comparison with the embodiment shown in Fig. 3, assembling can be 
20 \facili t ated _\ [facilitated.] Furthermore, since the modification reduces \ p o rt ion t o p ossibly 
r e t ain the liquid to b e further\ [possibility of retention of liquid, it is also more] sanitary. 

A pair of the hollow rotor drive shafts 34 (34A and 34B) are supported by 
bearings 55 and 56 in a gearbox 33 \(housing 54) which is\ [in a housing 54] located 
25 adjacent the pump casing \30._ Also, within\ [30. Within] the gearbox 33, gears 37 

\and\ [,] 37 [are provided] for synchronous driving \ar e provided\ for respective [one] of 
the hollow rotor drive shafts 34 so that the hollow rotor drive shafts 34A and 34B are 
synchronously driven for rotation in mutually opposite directions. 

3 O VAmong the for e going hollow r o t o r driv e shafts 34 (34A and 34D), one\ 

[One] hollow rotor drive shaft 34 A is extended from the gearbox 33 \m\ [to a] greater 
extent to form an extended drive shaft portion \39._ On the ex t ended drive shaft po r tion 39, 
a\ [39. A] cylindrical frame shaped transmission coupling \42 which is \ [41 is connected 
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on the so extended drive shaft portion 39. This is an] important feature of the present 
invention ^ is connected.\ [.] 

ANam e ly, as\ [As] shown in Fig. 2, \thc\ [a] transmission coupling \42\ [41] 

5 is formed with a cylindrical frame shaped coupling body 59 having a large operation 

window 58 on \the\ [its] circumference \th ere of\ , a boss hole [60] projected on one end 
surface for connection, a connecting frame 62 for connecting a coupling 6 1 on the side of 
the other end portion of the transmission member, an operation window 63 and a 
connecting hole \64._\ [64.] After \app r o pr iately\ fitting a collar 65 to the extended drive 

1 0 shaft \ p ortion\ 39, the extended drive shaft 39 is engaged with the connecting boss hole 60 
of the transmission coupling 41 to establish a key coupling with a key groove 66 and a key 
67 provided between the extended drive shaft 39 and the transmission coupling \41._ 
Furth er mo re ^ [41. A connecting nut 68 is engaged and tightened] on a threaded 
portion 39a \p r ovid e d\ on the outer periphery of the extended drive shaft 39, \a conn e cting 

1 5 nut 68 is e ngaged and tighten e d\ for coupling the extended drive shaft portion 39, and 

namely the hollow rotor drive shaft 34 with the transmission coupling 41 for integral 
\rotation._\ [rotation.] On the other hand, a transmission member 69 connected on the side 
of the motor is connected to the transmission coupling 41 Wra\ [through] the coupling on 
the side of the transmission member by [a] bolt and nut 70, [with] the connecting hole 64 

20 of the connecting frame 62 [being] engaged with the bolt and nut 70 and a buffering 
connecting member 71 engaged with the connecting hole \G4 \ [64.] As \can be\ [it 
becomes! clear from the \bisois^ien^ivciHroicabo^c7lLc\ foregomL, [J^aiptL;^ i*. .] 
fastening nut 49 and the lock nut 57 are [normally] tightened with the rotor fastening 
\body\ [bolt] 36 after mounting the transmission coupling 41 \ , as a matt e r of courscY 

25 

Upon driving the rotary pump \construct e d as set fo r th abov e , a\ [of the 
present invention, the] rotational force of the transmission member 69 connected on the 
side of the motor is transmitted to the transmission coupling 41 \via th e \ [through a] 
coupling 61 on the side of the transmission \member— A [member. ] The [transmission] 
3 O coupling 41 drives the hollow rotor drive shaft 34 A on one \sid e \ [end] which is connected 
directly to the coupling 41, and drives the other hollow rotor drive shaft 34B \vta\ 
[through] a pair of synchronous driving gears 37 and \38._\ [38.] By this, \a\ [the] pair of 
rotors 3 1 are synchronously rotated in mutually opposite directions. 
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VDuring r ota t ion of the r otors, since\ [Since] the main casing 43 and the 
casing cover 44 are firmly fitted with each other in face-to-face contact, [during rotation 
of the rotors] the transported liquid may not be retained in this portion to keep the rotary 
motor in sanitary \state _\ [state.] Upon \disassembling\ [disassembly], in the condition 

5 where the transmission coupling 41 is mounted on the hollow rotor drive shaft 34, an 

operator \may\ [can] insert a rotary tool, such as spanner, screw driver or the like into an 
operation space 40 through the \o pcr a t ion\ [operating] window 58 or 63 to easily 
disengage the fastening nut 49 and the lock nut 57 which are engaged with the rotor 
fastening bolt 36 within the operation space \40._\ [40.] Then, by loosening the \bolt and 

1 O nu t 20\ [bolts 52], the casing cover 44 is disassembled from the main casing \43._\ [43.] 
Thus, the rotor 3 1 and the rotor fastening bolt 36 as assembled or integrated as in the 
embodiment shown in Fig. 4 \may\ [can] be withdrawn to the outside of the main casing 
\43 _\ [43.] Therefore, the pumping chamber 42 can be easily disassembled for performing 
cleaning operation. 

15 

Upon assembling, the rotor drive shaft 34 is inserted into the through 
opening 53 in such a manner that the \splin e \ [splined coupling] shaft 45 of the rotor drive 
shaft 34 is engaged with spline surface of the rotor \31._\ [3L] The rotor fastening bolt 36 
is then inserted into the hollow portion 35 of the hollow rotor drive shaft 34 from the side 
20 of the casing cover \44._\ [44.] At the rear end \ p o r tion\ , the operator tightens the fastening 
nut (washer) 49 and the lock nut 57 (fastening nut) onto the rotor fastening bolt 36 within 
the operation space 40 through the operation window 58 or \<33rn[J3.] Thus, iLe roiary 
pump can be easily assembled. 

25 With the foregoing embodiment, the \splin e \ [splined coupling] shaft 45 at 

the tip end portion of the hollow rotor drive shaft is engaged with the spline surface on the 
inner periphery of the through opening 53 of the rotor 3 1 , and the hollow rotor drive shaft 
34 and the rotor 3 1 are rigidly secured with each other by the rotor fastening bolt \36 _\ [36.] 
Therefore, [no] slip will \nev e r be caus e d\ [occur] therebetween [, thus] to assure integral 

3 O \rota t ion._\ [rotation.] Furthermore, concentric relationship between the rotor and the 
hollow rotor drive shaft can be maintained for a long period. 

Figs. 5 to 9 show another embodiment of the rotary pump according to the 
present Vinv c ntion _\ [invention.] It should be noted that, in the following disclosure, 

15 



components common to the former embodiment of Figs. 1 to 4, will be identified by the 
same reference numerals, and detailed discussion for such common components will be 
omitted in order to avoid redundant discussion and whereby to keep the disclosure simple 
enough to facilitate clear understanding of the present \inv e ntion._\ [invention.] Therefore, 
5 the following disclosure will be concentrated to the particular construction of the \shown\ 

[illustrated] embodiment. 

As shown in Fig. 5, a space 80 having a given width in a thickness direction 
of a casing cover 44A is defined at the center portion of the casing cover 44A with the end 

1 0 surface 3 la of the rotor 3 1 by forming a recess on the surface of the casing cover 44 A 

mating with the end surface 31a of the rotor \31._\ [31.] A cover piston 81 is engaged with 
the peripheral wall defining the space 80 in gas tight fashion for reciprocal motion in the 
thickness direction, namely toward and away from the end surface 3 la of the rotor 
\31._\ [3L] An air cylinder 82 is mounted on the casing cover 44 A in coaxial relationship 

1 5 with the cover piston 81 by mounting bolts \83._\ [83.] The air cylinder 82 is constructed 

with a cylinder body 82a, a cylinder cover 86 located on the side of the casing cover 44A, a 
cylinder cover 87 on the opposite side, a piston 88 slidingly reciprocating within the 
cylinder body 82a, a piston rods 83a and 83b (which will be identified by reference numeral 
83 as generally referred to) extending from both sides of the piston 88, and inlet and outlet 

20 \po rt s_\ [ports 91] and 92 communicated with forward drive side and reverse drive side 
cylinder chambers 89 and 90 defined on both sides of the piston \38 _\ [88.] The cylinder 
cover 86 on the side of the casing cover 44 A may be formed to be common with the cacL^ 
cover \44A._\ [44A.] Also, the cylinder cover 86 \may\ [can] be provided separately on the 
side of the air cylinder \82._\ [82.] In this case, the space 80 of the casing cover 44A is 

25 formed through the casing cover \44A._\ [44A>] On the other hand, the cylinder cover 86 
formed separately on the side of the air cylinder 82 \may\ [can] serve as the casing cover 
44A and the cylinder cover 86 \ands\ [and] the casing cover \may\ [can] be formed 
integrally with each \o t hc r _\ [other.] In this case, the cylinder cover 86 of the air cylinder 
is mounted directly on the main casing 43 as the casing cover 44A by the bolts. 
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The end surface 81a on the side of the rotor 3 1 of the cover piston \8\ [81] is 
mated with the inner end surface 44a of the casing cover 44A for \tight\ [tightly] fitting 
with each \oth er ._\ [other.] On the other hand, the end surface 81a of the rotor 3 1 is 
substantially in contact with the end surface 3 la of the rotor 3 1 with maintaining a fine gap 
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\ t he r ebetw ee n ^ [therebetween.] The piston rod 83a extended from the piston 88 of the air 
cylinder 82 toward the casing cover 44 A is integrally connected to the cover piston 81 
through the cylinder cover \86 _\ [86.] The piston rod 83b projecting from the piston 
toward the opposite side is extended externally through the other cylinder cover \87._\ [87.] 
More accurately, the piston rod 83b is formed with a collar 94 engaging \wi t h\ a small 
diameter portion 93 and a nut 95 threadingly engaged with a \thread\ [threaded] portion at 
the tip end of the small diameter portion in order to secure the collar 94. 

\To th e air cylind e r 82, a\ [A] lock cylinder 85 is coaxially mounted [to the 
air cylinder 82,] as shown in Fig. \5._ To th e lock cylinde r 83, a\ [5. A] lock bolt 84 is 
threadingly engaged \, which\ [with the lock cylinder 83. The] lock bolt may abut against 
a tip end surface of the piston rod 83b of the air cylinder 82 and is movable back and forth 
along [the] motion direction of the piston rod \83b._ On t h e lock bolt 84, a\ [83b. A] lock 
nut 46 is threadingly engaged [on the lock bolt 84,] for locking the lock bolt 84 at a 
predetermined \ p osi t ion _\ [position.] The lock cylinder 85 is not limited to \the\ [a] 
cylindrical shape but can be any appropriate \shape._ Nam e ly, th e \ [shape. The] lock 
cylinder is only required to be any appropriate shape of the frame body, to which the lock 
bolt 84 is threadingly engaged for Minear motion in\ [a] back and forth \di r ec t ion._\ [linear 
motion.] On the other hand, while \th e shown\ [this] embodiment employs the piston rod 
83b of the air cylinder to extend outwardly through the cylinder cover 87, it is also possible 
to engage the lock bolt 84 with the cylinder chamber 89 from the cylinder cover 87 to abut 
the tip end portion of the lock bolt onto the piston 88 instead of providing the piston i ou 
83b. 

Fig. 6 shows a modification of another embodiment of the rotary pump, in 
which [the] shape of the cover piston 81 A [is] to be engaged with the space 80 in gas tight 
\fashion. \ [fashion.] In the embodiment shown in Fig. 5\^ [is] an end surface 81a at one 
side of the rotor of the cover piston \81. \ [81.] In contrast to this, the present 
\invention_\ [embodiment of the invention as] shown in Fig. 6 has the cover piston 81 A, 
in which a head portion 99a of the bolt 99 is projected from the rotor \31._\ [31.] Therefore, 
a recessed portion 100 is provided for, in which a head portion 99a of the bolt 99is 
projected from the rotor \31._\ [31.] Therefore, a recessed portion 100 is provided for 
receiving the \heat\ [head] portion 99a of the bolt \99— \[99.] In \ t h e shown\ [this] 
construction of the rotary pump, a rotor drive shaft 1 17 is engaged at the center portion of 



the rotor 21 for mounting the rotor 3 1 on the rotor drive shaft \1 17._\ [U7.] Across a 
stopper plate 101, the bolt 99 is threadingly engaged with the threaded hole 102 provided 
on the end surface of the rotor drive shaft \1 17 _\ [117.] Thus, the rotor 3 1 is mounted on 
the rotor drive shaft. 

5 

Except for the shape of the \colo r \ [cover] piston 81, the \shown\ 
modification [of Fig. 6] has the same construction as the former 
\embodim e nt._\ [embodiment.] The common components \has\ [have] been 
\omitt e d_\ [omitted] from the detailed discussion \in o r de r \ to avoid redundant discussion 
1 O and \wh ere by\ to keep the disclosure simple enough to facilitate clear understanding of the 
present invention. 

With the construction \sct fo r th abov e \ [of Fig. 6], upon operating the rotary 
pump in the normal state, as shown in Fig. 5 or 6, an air is supplied into the forward side 

1 5 cylinder chamber 89 through the inlet \port_\ [port] of the air cylinder 82 to \wh er eby\ 

actuate the piston 88 in forward direction, \namely\ [i.e.] toward left in the \shown 
ease— ^[drawing.] By this, the cover pistons 8 1 and 8 1 A are placed \m\ flush with the inner 
end surface of the casing cover 44A and substantially in contact with the \ p g\ea\ 
[minimum] fine gap between the end surface 3 la of the rotor \31 _\ [3L] It should be noted 

2 0 when the piston 88 is moved toward left in the drawing, air in the left side reverse side 

cylinder chamber 90 is \discha r ge out\ [discharged] through the \discha r ge\ [outlet] port 
92. 

Upon automatic operation by the air cylinder 82, the lock bolt 84 of the lock 

2 5 cylinder 85 is retracted from the tip end surface of the piston rod 83b at the right side of the 

air cylinder 82 in the \drawing _\ [drawing.] During operation of the rotary pump, the lock 
bolt 84 of the lock cylinder 85 \rmj\ [can] be kept in contact with the tip end surface of the 
piston rod 83 \so as\ to prevent the cover pistons 81 and 81 A from being retracted from the 
end surface 3 la of the \piston_\ [piston] to reduce pumping effect even when the internal 

3 O pressure of the pumping chamber 32 is elevated to be higher than or equal to a 

predetermined pressure to overcome the biasing force of the piston 88 of the air cylinder 
82[.] 
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Upon washing the pumping chamber 42 at the end of operation of the pump 
\m\ [for] a day, a \g r iping\ [gripping] portion of the lock bolt 42 is operated to retract the 
lock bolt 84from the tip end surface of the piston rod 83 and also, the air is introduced into 
the reverse side cylinder chamber 90 under pressure and the air in the cylinder chamber 89 

5 on the opposite side is discharged through the \discha r g c \ [outlet] port 92, and in 

conjunction therewith the air in the space 80 defined by the casing cover 44 and the cover 
piston 81 is discharged through \thc\ [an] air discharge opening \103._\ [103.] By this, as 
shown in Fig. 7 or Fig. 8, the piston 88 is moved toward right in the \drawing._\ [drawing.] 
By this, the cover pistons 81 and 81 A connected to the piston rod 83a \is\ [are] retracted 

1 O away from the end surface 3 la of the rotor 3 1 to define a large gap 104 between the cover 
piston 8 1 and 81 A and the end surface of the rotor \31._\ [3L] By feeding the washing 
water into the pumping chamber 42, large amount of the washing water \may\ [will] flow as 
shown by arrow and discharged through the discharge port \51. \ [51.] Larger amount and 
higher flow velocity \may\ [will] result in higher washing effect to effectively improve 

1 5 [the] washing effect for the pumping chamber 42, particularly the end surface 3 la of the 
rotor 3 1 and the inner end surface 44a of the casing cover 44 \opposing\ [opposed] to the 
end surface 31a. 

It should be noted that during washing operation, the rotor 3 1 \may\ [can] be 
20 rotated at low speed or held \stopped. \ [stopped.] The washing water is \ pr efe r abl e \ 

[preferably] fed by a dedicated pump for the washing \wat e r._\ [water.] In this case, it is 
advantageous to make the bypass piping for feeding the washing water unnecessary in the 
rotary pump. 

25 On the other hand, in case of manual operation, it \may b c \ [is] possible not 

to use the air cylinder with maintaining the inlet and outlet port in free condition and use 
only lock cylinder to maintain the cover pistons 81 and 81 A in flush with the casing cover 
44 by the contact pressure for the piston rod 83b of only [the] lock bolt \84._\ [84.] In this 
case, while the lock cylinder 85 is mounted on the casing cover 44 \vta\ [through] the air 

3 O cylinder 82, it is also possible to omit the air cylinder to directly secure the lock cylinder 85 
onto the casing cover 44 by means of bolts to abut the lock bolt 84 of the lock cylinder 85 
to the portion projecting from the casing cover 44 (rod portion 83a). 
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Then, upon washing, the lock bolt 84 is retracted from the tip end surface of 
the piston rod \83b._ At\ [83b. In] this condition, the washing water is fed into the 
pumping chamber to push the cover piston 81 away from the end surface 31a of the rotor 
3 1 by the water pressure to form the large gap 104 therebetween to effectively flow 
5 [through a] large amount of washing \was te r\ [water] to improve [the] washing effect. 

On the other hand, as set forth above, by retracting the lock bolt 84 of the 
lock cylinder 85 away from the tip end surface of the piston rod 83b on the right side of the 
air cylinder in the drawing, it becomes possible to provide vented (relief) cover function for 
1 O the cover pistons 81 and 81 A so that the pump discharge pressure of the rotary pump can 
be adjusted \so as\ not to be elevated beyond a given pressure during automatic operation 
by the air cylinder. 

\Nam e ly, by\ [By] constantly supplying a given pressure of air through the 
1 5 inlet port 91 of the air cylinder 82, the cover pistons 81 and 81 A are placed in opposition to 
the pumping action position of the end surface 3 la of the rotor 3 1 by the piston 88 biased 
by the air \pr e ssur e ._\ [pressure.] When the discharge pressure of the pump is elevated 
beyond the given pressure to build up a pressure to retract the cover pistons 81 and 81 A 
away from the end surface 3 la of the rotor 3 1 [thus] overcoming the biasing pressure of 
20 the piston 88, the cover piston 81 is retracted from the end surface 3 la of the rotor 3 1 to 
lower pumping function and \ re lief\ [relieve] the discharge \p r cssu r e.__ By this, th e \ 
[pressure. The] discharge pressure of the rotary pump can be \r egulated._\ [regulated by 
this.] The discharge pressure can be freely set by the air pressure to be supplied into the air 
cylinder. 

25 

Fig. 9 shows a further embodiment of the rotary pump according to the 
present \invention._\ [invention.] In the former embodiment, only one air cylinder 82 is 
\provided _\ [provided.] In contrast to this, the \shown\ embodiment [82A of Fig. 9] is 
provided with another air cylinder \82A\ mounted by bolts 105, in addition to the air 
3 O cylinder \82 _\ [82.] Respective pistons 36 and 106 are connected to piston rod 108 

extending through a common cylinder cover \107._\ [107.] The lock bolt 84 is threadingly 
engaged with the cylinder cover 109 of the later air cylinder \82._\ [82.] In the \shown\ 
embodiment [of Fig. 9], two air cylinders 82 and 82A are connected with each 
\oth e r._\ [other.] However, more than two air cylinders \may\ [can] be 
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\em p loy e d._\ [employed.] On the other hand, in the \shown\ embodiment [82A of Fig. 9], 
the lock bolt 84 is threadingly engaged with the rearmost air cylinder \82A._ How e v e r, it\ [. 
It] is also possible to mount the air cylinder 82A at the rearmost position, to threadingly 
engage the lock bolt 84 and to contact the lock bolt onto the piston or the piston \roth\[rod] 
5 as shown in Figs. 5 and 6. 

In the \shown\ embodiment [82 A of Fig. 9], by introducing air from an inlet 
portion 1 10 of the later air cylinder 82 A into the forward \sid e \ cylinder chamber 1 1 1 under 
pressure, the air is supplied to the forward \sid e \ cylinder 89 of another air cylinder through 

1 O a through hole \111\2\ [112] provided in the piston rod 108 to push the pistons 88 and 106 
of both air cylinders 82 and 82 A \siniultancously._\ [simultaneously.] Therefore, the cover 
pistons 81 and 81 A are held by both pistons 88 and 106 to maintain the cover pistons 81 
and 81 A at the position opposing to the pumping action position of the end surface 3 la of 
the rotor 3 1 at greater \fo r ce._\ [force.] At this time, as discussed above, the \color\ [cover] 

1 5 piston 81 and 81 A are held at predetermined action position by the lock bolt 84 as 

\ r equi r ed._ The r e f ere nc e numerals 113 and 1 14 denotes inl e t and outl et ports\ [required. 
Inlet and outlet ports 113 and 114 ]provided in reverse side cylinder chambers 90 and 
115 of both air cylinders 82 \and 82 A, and the r e fe r enc e num e ral 1 16 may b e \ [, and ]a 
ventilation aperture [116 is] provided in the space 80. 

20 

Although the present invention has been illustrated and described with 
respect to exemplary embodiments thereof, it should be understood by those skilled in the 
art that the foregoing and various changes, \ e mission\ [omission] and additions \may\ [can] 
be made therein and thereto, without departing from the spirit and scope of the present 
25 \invention._\ [invention.] Therefore, the present invention should not be understood as 
limited to the specific embodiment set out above but to include all possible embodiments 
which can be embodied within a scope encompassed and equivalent thereof with respect to 
the \f e atu re \ [features] set out in the appended claims. 
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